In this research work an attempt is made to fabricate a hybrid composite material with hessian cloth (natural fiber) and glass fiber (synthetic fiber) in polyester matrix using hand lay-up process and testing was performed by ASTM standards. Main objective of this research work is to investigate the effects of use of natural fiber in the composite material with the synthetic fiber. Experimental results revealed that hybridization of composite with natural and synthetic fibers shows promising tensile strength, flexural strength and hardness. Among the hybrid composites one with the composition of three layers of glass fibers and two layers of hessian cloth (jute fiber) showed highest tensile strength and flexural strength which were found 104.63 MPa and 134.65 MPa respectively. Water absorption was high in composites having higher hessian cloth content than glass fiber. Composite with high glass fiber content showed high hardness which was 39.9 HV.
Introduction
Natural fibers have already been used for the first time 3000 years ago in composite systems in the ancient Egypt, where straw and clay were mixed together to build walls. Over the last decade, polymer composites reinforced with natural fibers have received ever increasing attention, both from the academic world and from various industries. Not only that synthetic fiber reinforced composites also been used for several applications in this period, carbon fiber reinforced composite was a revolutionary material. The development of composite materials and their related design and manufacturing technologies is one of the most important advances in the history of materials. Composites are the material used in various fields having exclusive mechanical and physical properties and are developed for particular application. The combined properties of composites like resilience, creep resistance, high strength, stiffness to weight ratios, corrosion resistance, and good damping properties are the reason behind the extensive use of composites in the industries of aerospace structures, automotive parts and marine structures (Chandra et al., 1999; Haldar et al., 2011; Sing et al., 2012 and Rana et al., 2015) . Many authors have worked with polymer composite and their studies showed that low cost natural fiber can be used to reinforce composite material which is light weight and shows high strength and dielectric properties (Dhal and Mishra, 2013) . On the other hand properties of composite which are reinforced with synthetic fiber are also studied by the researchers. The study revealed that usually this kind of composites show good hardness and low water absorption properties. They also show high strength, stiffness and toughness (Kusmono and Ishak, 2013 (Bleat and Humberstone, 1999; Venkateshwaran et al., 2004; Bindal et al., 2013) . Some studies were specifically concentrated on the hybrid composites made of jute fiber and glass fiber. One study of this kind of hybrid composite found that fiber lengths can interfere with the mechanical properties of the composite (Muthuvel et al., 2013) . Another study showed that the outer layer containing jute layer show low strength properties than those composed of glass layer at their outer layer (Velu and Srinivasan, 2015) . Some researcher also used filler in their composites and found some fillers increase tensile strength and some increases impact strength (DeshPande and Rangaswamy, 2014) . This composites were also studied for the application in auto mobile industry, one study revealed that in recent times the use of steel in suspension spring is replaced by e-glass epoxy based composite and now study is going on to see the potency of hybrid composite made of e-glass, jute and epoxy as a material to build the suspension springs (Srivastava and Choudhary, 2013) . For the synthesis of composite there are many techniques available in industries such as compression molding, vacuum molding, pultruding, hand lay-up and resin transfer molding. Out of all the hand lay-up process is most popular technique because it is a simple and easy method to follow to fabricate composite (Davim et al., 2014) . The hand lay-up technique facilitates fabrication of very large and complex composite with minimum manufacture time. It requires simple equipment and tools which are relatively less expensive than other manufacturing processes. To the best of our knowledge, the development of glass/jute fibers reinforced polyester compositeis studied by very few authors.
However, the effect of contents of different percentage of fibers on various mechanical and thermal properties was not found in the literature. In this present work natural fiber reinforced composite, synthetic fiber composite, and hybrid composite were fabricated using hand lay-up technique with same polymer matrix to the reinforcement ratio. Composites were compared by observing the effect of natural fibre reinforcement on glass fibre reinforced composite. Mechanical properties were also analyzed. All the tests were conducted as per ASTM procedures.
Materials and methods

Materials
The raw materials used in this research work were hessian cloth (jute fiber), glass fiber sheet, U-polyester resin, methyl ethyl ketone peroxide (MEKP), styrene monomers, and silica powder. Hessian cloth made from the jute fiber was used in the composite fabrication. Glass fiber fabric of 0.25mm thickness and Hessian cloth of jute fiber of 0.3mm thickness were given from the pilot plant and process development centre of Bangladesh council of scientific and industrial research (PP-PDC, BCSIR). The composition of glass fiber was SiO 2 54%, Al 2 O 3 14.5%, B 2 O 3 10%, CaO 16.5%, MgO 4% and others 1%. U-polyester resin, MEKP and styrene monomer were collected from the local market or more specifically from Naseem Plastic Corp. Bangladesh who imports these chemicals in Bangladesh for industrial purposes. 40% fiber was used in this investigation.
Composite fabrication procedure
All the specimens of composites in this work were fabricated using hand lay-up process of composite manufacturing.The major instruments and apparatus used for the fabri- Presser Hydraulic press machine and the cured composite was taken out from the mold.
Experimental procedure
All the characterization tests were performed at Pilot Plant 
Results and discussion
Tensile strength
The experimental results of tensile strength of the composites of different compositions are given in the Table I and the comparisons among the composites are shown in the Figure  1 . The results show that the composite of only synthetic fiber reinforcement has high tensile strength while the composite of only natural fiber reinforcement has low tensile strength, which was quite expected. The result also indicates that addition on synthetic fiber content in natural fiber increases tensile strength. The hybrid composite 'C4' with the composition of 3 layers of glass fiber and 2 layers of hessian cloth (jute fiber) showed the highest tensile strength among the hybrid composites.The difference in tensile strength between natural fiber reinforced composite and hybrid composite is significant. In C4, glass fibers are on the exterior side which gives this particular composite a high tensile strength. 2 layers of jute fiber in C4 support the other 3 layers of glass fibers and tensile strength increases from C3 by 40.6MPa (Dalbehera and Acharya, 2014) . On the other hand C5 shows lesser tensile strength than C4 whereas synthetic fiber content is higher than natural fiber content. So just one layer of jute fiber could not able to support the other layers of glass fiber and thus results in decrease of tensile strength. For all other hybrid composites there has been a certain growth in tensile strength with increase of synthetic fiber content because brittleness decreases with decrease of jute fiber content. The results indicate a good interfacial bond occurred between fibers and matrix as the tensile strengths are in the higher regions. 
Flexural Strength
Flexural test results of the composites are given in the Table  II and comparisons among the composites have been shown in the Figure 2 . All the composites showed good flexural strength, both natural fiber reinforced and synthetic fiber reinforced composites. C4 shows good flexural strength than all the hybrid composites, 2 layers of jute fibers complimented 3 layers of glass fibers in a way that the stiffness of the fiber distributed finely. Just one layer increase of glass fiber in jute fiber content increased flexural strength from 85.55MPa to 134.65MPa. Hessian cloth (jute fiber) reinforced composite shows lesser flexural strength than glass fiber reinforced composite because of the stiffness of the glass fiber. Due to some voids C5 gives a little low flexural strength than the previous one C4 ( Dalbehera and Acharya, 2014) .
Water absorption
The results of the water absorption test of the composites are shown in the Table III and time dependent water absorption has also been shown in the Figure 3 . The results show that the water absorption is high in the composites having higher jute fiber (hessian cloth) loading over glass fiber loading.
Thus the high percentage of water absorption occurred in the composite C1, C2 and C3. As the jute fiber loading decreased the water absorption also decreased. The water absorption is low in C4, C5, and C6. It is because jute is capable of absorbing water and on the other hand glass fibers do not absorb water as like jute fiber. Water absorption occurs because of the small pores present in the surface of the polymer matrix through which water enters into the composite. Almost same amount of water enters into the composites but the absorption depends on the fiber nature. And this 
Hardness
Hardness is a surface measurement since the indenter evaluates mainly the first few fiber layers next to the surface. The basic principle of micro hardness test is to see the resistance of the material from the plastic deformation caused by the indenter of the micro hardness tester. The test load was set at 245.2mN (HV0.025). The Figure 4 and Table IV show that 
Conclusion
From the experimental study on physical and mechanical behavior of jute and glass fiber reinforced polyester based hybrid composites it can be concluded that optimum incorporation of synthetic fiber with natural fiber increases overall strength of the hybrid composite. Such as the fiber loading and orientation significantly influences the different properties of composites. The maximum tensile strength was obtained for the composite 'C4' of all other hybrid compos- ites having glass fiber on the external layer. On the other hand tensile strength of composite which contains one extra glass layer and one layer less jute fiber had shown less tensile strength than the composite 'C4'. Flexural strength results of the composites show that composite C4 have the high flexural strength than the other hybrid composites. The water absorption rate was higher in the composite having high jute fiber content than glass fiber. Micro hardness test revealed an increase in hardness property of the composites as the synthetic fiber content was increased. Thermal analysis show that the composite having glass fiber content higher in ratio than jute fiber is more stable thermally.The results indicate that in this research work the optimum composition of fibers in the composite was three layers of glass fiber and two layers of jute fiber.
